

























It	 has	 long	 been	 recognized	 that	 the	 traditional	 Precambrian–Cambrian	 (Ediacaran–Cambrian)	26	
boundary	interval	is	characterized	worldwide	by	low	rates	of	deposition	and/or	a	major	unconformity,	27	
known	as	the	‘Great	Unconformity’	(Brasier	&	Lindsay	2001,	Peters	&	Gaines	2012).	Global	eustatic	28	
sea-level	 rise	 and	widespread	 orogenesis	 accompanied	 the	 Cambrian	 bioradiation,	 and	 have	 both	29	
been	linked	to	unprecedented	high	flux	rates	for	nutrients	and	other	dissolved	ions	during	the	late	30	
Neoproterozoic	and	early	Paleozoic	(Meert	&	Lieberman	2008,	Squire	et	al.	2006,	Campbell	&	Allen	31	
2008).	 Enhanced	 chemical	weathering	on	 the	 ‘Great	Unconformity’	 during	 transgression	has	 been	32	




North	 China	 Craton	 (NCC),	 which	 possesses	 well-exposed	 Neoproterozoic–Cambrian	 marine	37	
successions	with	astonishingly	well-preserved,	organic-walled	fossils	(Zang	&	Walter	1992,	Dong	et	al.	38	
2008,	 Xiao	 et	 al.	 2014,	 Tang	 et	 al.	 2015).	 However,	 the	 full	 potential	 of	 these	 exceptional	39	













recent	 palaeogeographic	 reconstructions,	 e.g.	 in	 which	 the	 NCC	 was	 attached	 to	 East	 Gondwana	53	
(McKenzie	et	al.	2011b,	Han	et	al.	2016)	or	was	an	isolated	continent	(Zheng-Xiang	Li	et	al.	2013,	Cocks	54	
&	Torsvik	2013,	 Torsvik	&	Cocks	2013,	Wilhem	et	al.	 2012)	during	 the	Cambrian,	 are	not	 yet	 fully	55	
grounded.	 Detrital	 zircon	 analysis	 can	 be	 used	 to	 address	 these	 uncertainties	 to	 1)	 establish	 the	56	




















that	 both	 regions	 were	 contiguous	 during	 the	 Neoproterozoic–Cambrian	 transition,	 they	 share	 a	77	












deposits,	 including	 the	 Shijia,	 Wangshan,	 Jinshanzhai	 and	 Gouhou	 formations	 in	 ascending	90	
stratigraphic	order	(Fig.	2).	The	Shijia	Formation	was	sampled	at	the	Heifengling	section	(Fig.	1),	and	91	
is	characterized	by	pale	yellowish	green	and	reddish	purple	shale	with	interbeds	of	quartz	sandstone	92	





glauconitic	 quartz	 sandstone	 in	 the	 lower	 part,	 while	 the	 upper	 part	 is	 characterized	 by	 purple	98	
stromatolitic	dolostone	with	stromatolite	 forms,	 including	Boxonia,	Linella	and	Xiejiella	 (Qian	et	al.	99	
2002).	The	Gouhou	Formation,	which	is	the	uppermost	unit	of	the	Huaibei	Group,	is	subdivided	into	100	
two	 parts	 in	 this	 study.	 The	 lower	 ‘member’	 is	 dominated	 by	 red	 clastic	 rocks,	 while	 the	 upper	101	
‘member’	consists	of	pale	grey,	cherty	dolostone	(Fig.	3e,	3g	&	3h).	Halite	pseudomorphs	are	present	102	
in	both	clastic	(Fig.	3f)	and	carbonate	intervals,	which	together	with	abundant	mud	cracks	in	the	lower	103	
member	 indicate	 an	 evaporitic,	 likely	 marginal	 marine	 environment	 was	 maintained	 throughout	104	









Trachyhystrichosphaera,	 Valeria,	 and	 Dictyosphaera	 at	 a	 single	 level	 within	 the	 lower	 Gouhou	114	
Formation	(Tang	et	al.	2015).	Although	this	Tonian	assignment	is	consistent	with	reports	of	a	Chuaria-115	
Tawuia	association	in	the	same	formation	(Xiao	et	al.	2014,	Tang	et	al.	2015),	the	validity	of	acritarch	116	
biostratigraphy	 for	 age	 determination	 in	 the	 Precambrian	 is	 less	 well	 established	 than	 for	 the	117	
Phanerozoic,	 and	may	have	 limitations	due	 to	 relatively	poor	 species	 classification	and	 long-range	118	
distribution	in	the	geological	record.	Moreover,	as	shown	in	Fig.	3g	&	3h,	some	beds	within	the	upper	119	
Gouhou	 Formation,	 in	which	 halite	 pseudomorphs	 are	 conspicuously	 absent,	 are	 characterised	by	120	
mottled	 fabrics	 that	 we	 compare	 with	 the	 pervasive	 bioturbation	 that	 is	 characteristic	 of	 the	121	
Phanerozoic,	 although	 no	 nameable	 ichnofossils	 have	 yet	 been	 identified.	 Given	 that	 the	 oldest	122	
ichnofabrics	 are	 no	 older	 than	 late	 Ediacaran	 in	 age	 (Rogov	 et	 al.	 2012),	 it	 seems	 reasonable	 to	123	















that	 the	Xingmincun	Formation	was	deposited	 in	 the	Tonian	Period	 (Yang	et	al.	2012,	Zhang	et	al.	139	
2016).	The	Getun	and	Dalinzi	formations	were	sampled	at	Manjiatan	and	Longwangmiao	sections	(Fig.	140	
1).	 The	 Getun	 Formation	 is	 dominated	 by	 clastic	 rocks	 (Fig.	 4c,	 4d	&	 4e)	with	 some	 stromatolitic	141	






Formation	 (Hong	et	al.	 1991).	Mud	cracks,	halite	casts	 (Fig.	4g),	 thin-layered	gypsum	deposits	and	148	
cross-bedding	are	all	observed	 in	both	the	Getun	and	Dalinzi	 formations,	suggesting	that	 the	units	149	
were	probably	 formed	 in	a	 shallow	marine	evaporitic	environment.	 Indeed,	 the	Getun	and	Dalinzi	150	
facies	 have	 been	 interpreted	 to	 represent	 a	 lagoonal	 and	playa	 lake	 or	 other	 evaporative	 setting,	151	
respectively	(Fairchild	et	al.,	2000).	Also	noteworthy	is	the	observation	that	these	features	are	also	152	
found	in	the	Gouhou	Formation	(Huaibei	region),	which	is	dominated	in	its	lower-middle	part	by	clastic	153	
rocks,	which	 are	 gradually	 replaced	by	dolostone	 in	 the	upper	part,	 possibly	 due	 to	 a	widespread	154	
marine	transgression	that	 resumes	through	the	overlying	 formations.	The	Cambrian	 Jianchang	and	155	










others	 favour	 a	boundary	 at	 the	 top	of	 the	Dalinzi	 Formation	 (Hong	et	al.	 1991,	 Xue	et	al.	 2001).	166	

















of	 surface	 exposure	 at	 the	 top	 of	 the	 Gouhou	 Formation.	 However,	 the	 top	 of	 the	 Jinshanzhai	184	
Formation	 comprises	 reddened	 stromatolites,	 which	 directly	 underlie	 the	 red	 beds	 of	 the	 lower	185	
Gouhou	Formation.		186	
	187	
In	 the	 Dalian	 region,	 potentially	 significant	 erosional	 disconformities	 are	 reported	 overlying	 the	188	




















of	 larger	 grain	 size	 are	 preferred	 for	 laser	 ablation	 and	 dating	 precision.	 Sample	 lithologies,	 GPS	209	
locations	and	a	compiled	U-Pb	age	dataset	are	 reported	 in	 the	 supplementary	 information.	Zircon	210	
grains	were	 separated	using	 standard	mineral	 separation	procedures,	which	 include	 jaw	 crushing,	211	
sieving,	magnetic	and	heavy	liquids	separation.	Handpicked	zircons	were	then	mounted	in	epoxy	and	212	
polished	prior	 to	analysis.	 In-situ	zircon	U-Pb	dating	was	carried	out	at	 the	London	Geochronology	213	
Centre,	University	College	London,	using	a	New	Wave	193	nm	excimer	laser	ablation	system,	coupled	214	















grains	 younger	 than	 0.8	 Ga,	 with	 an	 age	 distribution	 dominated	 by	 a	 large	 population	with	 peak	230	
centering	at	ca.	2.1	Ga.	The	overlying	Gouhou	Formation	exhibits	a	broad	population	of	zircons,	with	231	
an	isolated	age	population	of	around	0.5	Ga,	two	prominent	peaks	at	approximately	1.85	Ga	and	2.5	232	
Ga	 as	well	 as	 a	 smaller	 population	 of	 Neoproterozoic	 to	Mesoproterozoic	 age.	 The	 Cambrian-age	233	
group	 comprises	 8	 concordant	 zircon	 grains	 from	 three	 samples	 that	 were	 collected	 at	 different	234	
stratigraphic	 horizons	 within	 the	 Lower	 Gouhou	 Formation	 from	 two	 separate	 sections	 (see	235	
supplementary	information).	Ages	of	these	grains	range	from	490.4±5.9	Ma	to	519.2±5.9	Ma.	Utilizing	236	
the	 minimum	 age	 algorithm	 with	 normal	 errors	 (Galbraith	 2005),	 a	 statistical	 estimate	 age	 of	237	
518.4±2.9	Ma	for	the	youngest	age	mode	is	suggested	here	to	represent	the	maximum	depositional	238	
age	for	the	Gouhou	Formation.	Previously	reported	age	spectra	for	the	Jinshanzhai	Formation	shows	239	





















Jinshanzhai	and	Gouhou	 formations	of	 the	uppermost	Huaibei	Group,	with	diverse	 interpretations	261	
from	Cambrian	(Xing	1996,	Zang	&	Walter	1992),	Cryogenian–Ediacaran	(Cao	2000,	Wang	et	al.	1984)	262	
to	Tonian	ages	(Xiao	et	al.	2014).	However,	given	that	the	youngest	zircon	grains	yield	a	maximum	263	
depositional	 age	of	 518	Ma	 (Fig.	 5),	 the	Gouhou	Formation,	 consistent	with	 evidence	 for	 possible	264	
bioturbation	 (Fig.	 3g	&	 3h),	 appears	 to	 be	 of	 similar	mid-Cambrian	 age	 to	 the	 overlying	 trilobite-265	
bearing	Houjiashan	 Formation.	 This	 conclusion	would	 appear	 to	 contradict	 the	 evidence	 from	 the	266	
acritarchs,	 including	Trachyhystrichosphaera	aimika	and	Valeria	 lophostriata,	 that	would	 indicate	a	267	
Tonian	 age	 (Tang	 et	 al.	 2015).	 Possible	 explanations	 for	 this	 include	 an	 unexpectedly	 long-range	268	
distribution	 for	 several	 typically	 Tonian	 acritarchs	 and	 reworking	 of	 fossil	 fragments	 from	 older	269	












Xingmincun	Formation,	 to	 the	Ediacaran	System	 (National	Commission	on	Stratigraphy	of	China	&	282	
China	Geological	Survey	2014).	On	the	other	hand,	these	data	indicate	that	the	overlying	Getun	and	283	
Dalinzi	formations	of	the	uppermost	Jinxian	Group	formed	much	later	than	the	Tonian	with	maximum	284	
depositional	 ages	of	 733	Ma	and	711	Ma,	 respectively.	 Importantly,	 this	 compiled	 age	 framework	285	
confirms	that	most	of	the	Neoproterozoic	strata	in	southeastern	NCC	were	deposited	no	later	than	286	
the	early	Tonian	Period	(Xiao	et	al.	2014),	and	thus	are	considerably	older	than	the	Neoproterozoic	287	
successions	 of	 South	 China	 (Shields-Zhou	 et	 al.	 2012,	 Xiao	 et	 al.	 2012),	 with	 which	 they	 have	288	
traditionally	been	compared	(Zang	and	Walter,	1992).	Cryogenian–Ediacaran	age	strata	that	might	be	289	







(Xiao	 et	 al.	 2014,	 Tang	 et	 al.	 2015).	 However,	 new	 age	 constraints	 here	 reveal	 that	 the	 Gouhou	297	
Formation	and	the	overlying	Houjiashan	Formation	are	both	Cambrian	in	age,	with	a	more	likely	major	298	
















evidence	and	 improved	age	constraints.	Notwithstanding	 the	 lack	of	detrital	 zircon	grains	younger	315	
than	~0.7	Ga	in	the	Getun	and	Dalinzi	formations,	putative	age-diagnostic	fossils	could	place	their	ages	316	
as	young	as	early	Cambrian	(Wang	&	Yang	1986,	Hong	et	al.	1991).	Thus,	both	formations	could	still	317	
represent	 transgressive	 lower	Cambrian	strata	overlying	a	great	hiatus,	 thus	allowing	approximate	318	
temporal	correlation	with	the	lithologically	similar	Gouhou	Formation	of	the	Huaibei	region.	As	argued	319	







expressed	 unconformity	 outlined	 above,	 reflecting	 perhaps	 a	 major	 tectonic	 uplift	 event,	 which	327	
affected	 the	 southeastern	 margin	 of	 the	 NCC	 during	 the	 Neoproterozoic–Cambrian	 transition.	328	
Furthermore,	as	illustrated	in	Fig.	6,	this	unconformable	surface	is	ubiquitously	developed	over	the	329	
NCC	and	adjacent	eastern	Korea	terrain.	It	is	always	underlain	by	Precambrian	rocks	and	overlain	by	330	














grains	 formed	 during	 the	 early	 Paleoproterozoic	 rifting	 magmatism	 (2.2-1.9	 Ga)	 on	 the	 eastern	345	













are	 known	 from	 the	NCC,	which	 possibly	 indicates	 that	 an	 exterior	 source	 supplied	 these	 detrital	359	

















between	 NCC	 and	 East	 Gondwana	 in	 the	 Cambrian	 (McKenzie	 et	 al.	 2011b).	We	 note	 that	 these	377	
samples	include	those	from	Cambrian	Stage	4-5	Mantou	Formation	that	is	stratigraphically	younger	378	
than	the	Gouhou	and	Dalinzi	 formations	of	 the	NCC,	as	well	as	 from	the	Myobong	Formation	that	379	
overlies	the	Myeonsan	Formation	in	eastern	Korea	(Fig.	6).	Gouhou,	Dalinzi	and	Myeonsan	formations,	380	














overlying	 the	 southeastern	North	China	Craton.	 The	 results	 confirm	 that	 the	Neoproterozoic	units	395	
were	deposited	during	the	early	Tonian	Period,	while	the	Gouhou	Formation	of	the	uppermost	Huaibei	396	
Group	is	shown	to	be	Cambrian	in	age.	A	regional	unconformity	is	revealed	between	the	Gouhou	and	397	
the	 Jinshanzhai	 formations	 of	 the	 Huaibei	 region	 as	 well	 as	 between	 the	 Getun	 and	 Xingmincun	398	
formations	of	 the	Dalian	region.	This	vast	erosional	 surface	can	be	traced	across	 the	craton	and	 is	399	
interpreted	here	to	be	equivalent	to	the	 ‘Great	Unconformity’	 that	marks	the	regional	base	of	 the	400	
Cambrian	System,	and	neither	of	the	Huaibei	and	Jinxian	groups	follow	international	standard	practice	401	
in	 that	 their	 included	 formations,	 although	 contiguous,	 do	 not	 have	 ‘significant	 and	 diagnostic	402	
lithologic	properties	in	common’	(Murphy	&	Salvador	1999).	The	magnitude	of	this	depositional	gap	403	
is	constrained	to	be	greater	than	150	to	300	million	years.	Provenance	analysis	of	the	detrital	zircon	404	
age	 spectra	 suggests	 that,	 during	 the	 Neoproterozoic–Cambrian	 transition,	 the	 southeastern	 NCC	405	
experienced	 exposure	 and	 weathering	 of	 the	 Archean–Paleoproterozoic	 basement,	 possible	406	
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2015,	 Luo	 et	 al.	 2016),	 minimum	 depositional	 age	 constraints	 for	 Wangshan	 and	 Xingmincun	635	
formations	by	U-Pb	baddeleyite	 (By)	or	zircon	(Zr)	dating	of	cross-cutting	diabase	sills	 (Wang	et	al.	636	


















Fig.	 3.	 Outcrop	 photos	 from	 Huaibei	 region:	 (a)	 unconformable	 contact	 between	Wangshan	 and	655	
Jinshanzhai	formations,	Jinshanzhai	section;	(b)	conglomerate	bed	exposed	at	the	base	of	Jinshanzhai	656	
Formation,	 Jinshanzhai	 section;	 (c)	 unconformable	 contact	 between	 Gouhou	 and	 Jinshanzhai	657	
formations,	 Jinshanzhai	 section;	 (d)	 conglomerate	bed	exposed	at	 the	base	of	Gouhou	Formation,	658	











Fig.	 4.	 Outcrop	 photos	 from	 Dalian	 region:	 (a)	 Disconformity	 between	 Xingmincun	 and	 Getun	670	
formations,	Manjiatan	section;	(b)	exposure	cracks	in	the	topmost	bed	of	the	Xingmincun	Formation,	671	
Manjiatan	 section;	 (c)	 erosional	 surface	 between	 lower	 and	 middle	 parts	 of	 Getun	 Formation,	672	
Manjiatan	 section;	 (d)	 apparently	 transitional	 contact	 between	 Getun	 and	 Dalinzi	 formations,	673	
Manjiatan	 section;	 (e)	 black	 chert	 clasts	 near	 the	 contact	 between	Getun	 and	Dalinzi	 formations,	674	
Manjiatan	 section;	 (f)	 yellowish	 green	 and	 reddish	 purple	 sandstone	 of	 the	 Dalinzi	 Formation,	675	
contorted	 by	 evaporite	 dissolution	 and	 fluid	 escape,	 Manjiatan	 section;	 (g)	 halite	 pseudomorphs	676	
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Fig.	6.	Simplified	chronostratigraphy	with	stratigraphic	formations	of	the	Neoproterozoic–Cambrian	701	
successions	 in	 southeastern	 North	 China	 Craton	 and	 eastern	 Korea,	 showing	 the	 regional	702	
unconformities	 at	 the	 Neoproterozoic–Cambrian	 transition.	 Red	 wave	 lines	 illustrate	 the	703	
unconformable	 contacts	 (‘Great	Unconformity’)	 in	 contact	with	 the	major	 hiatus	 (grey	 area).	 Blue	704	
bands	represent	the	intervals	of	major	Cryogenian	glaciations	including	Sturtian	glaciation	of	ca.	717-705	
662	Ma	and	Marinoan	glaciation	of	ca.	645-635	Ma.	 (Rooney	et	al.	2015,	Shields-Zhou	et	al.	2016)	706	
Question	marks	represent	debatable	unconformable	contacts	or	undated	boundaries.	Ed.	–	Ediacaran;	707	
Cry.	–	Cryogenian;	708	
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